Summary. Friedreich's ataxia is known to be associated with diabetes mellitus in up to 20% of the patients. However, type, development and course of diabetes mellitus are not well characterised. We report on 3 patients (2 female and 1 male, age 13-20 years) with the combination of Friedreich's ataxia and diabetes mellitus. Diabetes mellitus was characterised as follows: (t)it was strictly insulin-dependent and ketosis-prone, (2) the average insulin requirement was 1 U/kg body weight, (3) the HLA haplotype was not typical of Type I (insulin-dependent) diabetes mellitus, (4) there were no positive immune parameters typical of Type 1 diabetes at the clinical onset of diabetes mellitus and (5)there was no remission. To evaluate a preclinical phase as in common autoimmune Type t diabetes, i.v. glucose tolerance tests (0.5 g glucose/kg body weight) were performed in 8 patients with Friedreich's ataxia without diabetes mellitus. Seven patients had normal early phase insulin response. In contrast, the glucose disappearance rate was slow in 4 and normal in 3 patients. One of the 8 patients showed a prediabetic metabolic state: the early-phase insulin response was abolished and the glucose disappearance rate was abnormal. The results suggest that diabetes in Friedreich's ataxia is caused by a loss of islet cells similar to common Type I diabetes but without HLA-association and without serologic evidence for autoimmune destruction of the islet cells.
Friedreich's ataxia (FA) is a progressive neurodegenerative disorder whose first clinical signs of ataxia usually occur in the second half of the first decade. The inheritance is autosomal recessive with a carrier frequency of about 1/100 [1, 2] . The prevalence has been estimated to be about i in 50,000 [3, 4] . The gene locus of FA has recently been located on the short arm of chromosome 9 [51.
FA is characterized by degeneration of spinocerebellar tissue and large myelinated nerve fibers in the dorsal root ganglia and cardiomyopathy. In addition, diabetes mellitus has been found to be associated with FA in up to 20% [1, 6, 71 . However, type, development and course of diabetes mellitus is not well characterized in the literature.
Understanding of the pathogenesis of common Type1 (insulin-dependent) diabetes has increased rapidly in recent years. HLA DR3/DR4 association [8] , high incidence of appearance of antibodies against islet cells, insulin and many other proteins [91 and the possibility of interrupting the disease at an early stage by immunosuppressive therapy point to an autoimmune disorder as the cause of B cell destruction [10] .
This study was designed to determine whether clinical and laboratory features of diabetes mellitus associated with FA are comparable to those seen in common autoimmune Type I diabetes. Three patients with the combination of diabetes mellitus and FA and one with FA and a preclinical diabetic metabolic state are reported. In addition, insulin and glucose metabolism are described in 8 patients with FA without diabetes mellitus.
Patients and methods
All patients and their parents gave their consent after thorough information. There were no known additional cases of FA or diabetes mellitus in the families involved in the study. Three patients with FA and diabetes mellitus were investigated. In 8 patients who fulfilled neurological criteria of FA [11] , but without clinical signs of any disturbances of glucose metabolism, intravenous glucose tolerance tests (i.v. GqTs) were performed. The patients were asked to eat a regular diet with normal quantities (at least 200 g) of carbohydrates during the days before the test, which was performed after an overnight fast. They were nonobese and in a good nutritional condition. Glucose (0.5 g per kg body weight) was administered i.v. within 2 min. Blood samples were collected 5 rain before and 1, 3, 5, 10, 20, 30, 45, 60 rain after administration of glucose. Glucose, insulin and C-peptide were determined in duplicate.
In addition, HbA1 and islet cell antibodies were determined in each patient. HbA1 was measured by a commercial kit (Boehringer, Mannheim, FRG) with normal values below 8%. The glucose disappearance rate (K= ln: t/2) was calculated according to Htirter et al. [12] . Islet cell antibodies were analysed with an indirect immunofluorescence method [13] . Autoantibodies to the 64K islet cell protein were performed using both purified human islet [14] and rat islet cell membrane proteins.
HLA-A, -B, and -DR typing was performed in patients with FA and DM and in one FA patient without DM (patient 4). HLA-A-, -B-typing was performed by standard techniques. HLA-DR, -DQw specificities were determined on nylon wool separated B cells by the two-stage microcytotoxicity test using 120 antisera.
Results
The clinical and immunological data of the patients with the combination of FA and diabetes mellitus are summarized in Table 1 , those of the patients without diabetes mellitus in Table 2 . No clinical data about glucose metabolism were available before the onset of diabetes mellitus. In all patients the first clinical signs of FA occurred between 4 and 10 years of age. Cardiomyopathy was diagnosed at the beginning or soon after diagnosis of FA by electrocardiography and/or echocardiography. All three patients with FA and diabetes mellitus (Table 1) showed ketoacidosis at the beginning of diabetes mellitus. No remission occurred after starting insulin treatment and the insulin requirement was close to 1 U/kg body weight up to the present time in all of them. Fasting C-peptide values were unmeasurably low (< 50 pmol/1). Antibodies against islet-cells were not detected at clinical onset of diabetes mellitus in the three patients and antithyroid antibodies have so far remained negative. In addition, antibodies against the 64K membrane protein of pancreatic islets were not found within the first six months after diagnosis of diabetes mellitus was made.
In the other 8 patients (Table 2) , no signs of manifest diabetes mellitus were detected in routine tests (no glucosuria, normal fasting blood glucose concentration). Therefore, an i.v. GTF was performed. Figure 1 shows the glucose disappearance rate (K) in these patients. In 5 of them, the i.v. GTI" was abnormal: The K-value ranged between 1.0 and 1.4 in 4 patients (impaired glucose tolerance) and it was in the diabetic range (K=0.13) in patient 4. In all patients, no antibodies against islet cells and the 64K membrane protein of pancreatic islets could be detected. The Hb A1 was normal in all patients including patient 4, who were without manifest diabetes ( Table 2) .
Irrespective of the glucose disappearance rate, the sum of 1-and 3-rain insulin-values was in the normal range between 759pmol/1 and 1659pmol/1 (/172 + 307). This is between 10th and 90th percentile of normal control subjects [15] .
Therefore, the early phase insulin secretion was normal in all patients with FA except in patient 4. She showed an abolished early phase insulin secretion (Figs.2 and 3 ) and a sum of the 1-and 3-min value of only 222 pmol/1, which is far below the 1st percentile of normal control subjects.
Discussion
In patients with FA, two different disturbances in glucose metabolism exist. Insulin-dependent diabetes mellitus is associated in up to 20% of the patients. Besides this, an abnormal glucose tolerance without insulin found (versus about 40% in the normal population) whereas HLA-types DR2, DR5 and B7 are negatively 2ooo_ associated with Type 1 diabetes [8] . None of our patients fitted clearly into this pattern. The two patients ~ooo_ positive for DR4 (patient 1) and DR3 (patient 2) were also positive for HLA B7, patient 3 did not show HLA5o0 _ type DR3 or DR4 but the only weakly positively associated DR1 and patient4 even showed DR2 and B7, z5o HLA types that are unusual in Type 1 diabetes.
Despite the low number of investigated patients the results suggest that insulin-dependent diabetes mellitus in FA is not caused by autoimmune destruction of islet cells similar to Type 1 diabetes.
Recent data show that islet cell antibodies, 64K antiInsulin bodies and islet-cell-destruction can precede clinical pmom onset of diabetes by several years [14, 18] . It has been 6oo_ shown that in these preclinical situations, peak insulin response to an i.v. glucose bolus was progressively reduced although glucose tolerance was still normal. This 4oo. has been named pre-Type I diabetes [191.
The absent first phase insulin secretion in patient 4 suggests, that a similar preclinical situation exists in FA.
zoo. Our three patients with FA, who finally showed an acute onset of diabetes with ketoacidosis, were without partial or complete remission after starting insulin therapy, which would be common in Type 1 diabetes. From rain this, one may conclude that diabetes mellitus in FA becomes manifest after loss of the endocrine function and probably histologic absence of B cells only. This assumption is supported by a report [20] , where no, or very few, small islets were observed in two pancreases of patients with FA and insulin-dependent diabetes mellitus. Therefore, the question arises, for which reason the B cell loss occurs.
In this respect, it has to be considered that other organs (spinocerebellar centres and cardiac cells) undergo degeneration or destruction of cells in FA. The heart disease has been shown [21] to be due to abnormalities of myocardial cells with hypertrophy, fibrosis and pleo- Table 2 ; '2'~ '2o 6' o morphic nuclei, degeneration of neuronal cells in nerves and ganglia and lesions of small and large coronary arteries. A more general molecular disorder has been postulated as a cause of these changes [21] . A link or common factor responsible for cell degeneration in different organs of patients with FA is therefore conceivable. B cell destruction and consecutive insulin-dependent diabetes mellitus in some patients with FA has to be separated from impaired glucose tolerance without abnormality of insulin secretion. In 4 of 8 tested pa-tients with FA, an impaired glucose disappearance rate in the i.v. GTF was found, whereas the first phase insulin secretion was normal. This points to peripheral resistance to insulin. Our results are in agreement with those of Khan et al. [22] , who recently demonstrated decreased insulin binding in monocytes of patients with FA and glucose intolerance.
However, peripheral resistance to glucose or insulin might be a common feature of neurologic or neuromuscular disease, since carbohydrate intolerance, which might be due to a progressive loss of muscle mass, has been shown to be present in several neuromuscular diseases such as muscular dystrophies, spinal muscular atrophies, myotonic dystrophy, Refsum's disease and others, including FA [22, 23] . Insulin-dependent diabetes mellitus is not a common feature of neuromuscular disorders but is often associated with FA.
Our results indicate, that diabetes mellitus in Friedreich's ataxia is caused by a loss of insulin-producing islet-cells similar to that in common Type 1 diabetes, but without HLA-association and no serologic evidence for autoimmune destruction of the islet cells.
